SYNOPSIS
polymerized complex method has a maximum figure of merit. At first, the solution was heated at 400 K to remove most of the water from the solution. After the completion of decomposition of the nitrate ions, the temperature of the solution was gradually increased to 623 K. During this heating process, the formation of the polymer between ethylene glycol and metal citrate complexes was promoted.
As the colloidal solution was condensed, it became highly viscous, and this viscous polymeric product was decomposed to a fine powder at 723 K. The obtained powder was sintered by SPS ( Spark Plasma Sintering ) apparatus at 1373 K for 5 min at a pressure of 30 MPa under a vacuum of 10-1 Pa. The sintered ceramics are annealed at 1173 K for 20 h in air to be homogeneous. The phase identification of the obtained samples was made by x-ray diffraction at room temperature. The microscopic structure of the samples was examined using scanning electron microscopy (SEM) and the quantitative analysis of the samples was done by energy dispersive x-ray spectroscopy (EDX). The Seebeck coefficient and the electrical resistivity were simultaneously measured by the standard four-probe dc method in air in the temperature range from room temperature to about 1273 K The thermal diffusivity D and the specific heat Cp of the samples were measured by the laser flash method.
3 Results and Discussion The x-ray diffraction peaks for the powder precursor after Pylolysis at 723 K are somewhat broad, which indicates that the crystallization does not sufficiently proceed in this step. The diffraction patterns for the sintered Zn0.9972Al0.0025O added with Ag consisted of the sharp diffraction peaks of ZnO phase with a wurzite structure and Ag metal, while those for the sintered Zn0.9975Al0.00250 added with Y consisted of the peaks of ZnO phase and Y2O3 oxide. The relative intensity of the peaks of Ag or Y2O3 increases with an increase of the content of Ag or Y.
Figs. 1 (a), (b) and (c) show the SEM photographs of the sintered Zn0.9975Al0.00250, Zn0.995Al0.0025O+ 10 at.%Ag and Zn0.9975Al0.0025O+20 at.% Y, respectively. The crystal grain size of the sintered Zn0.9975Al0.0025O is about 5 gm, which is much smaller than that of the samples prepared by the Figs. 3 (a) and (b) show the temperature and Y content dependence of the Seebeck coefficient and electrical resistivity for the sintered Zn0.9975Al0.00250 + y at.% Y, respectively. This Y-added system is also n type. However, the absolute values of the Seebeck coefficient and electrical resistivity increase with an increase of the content of the added Y. These differences in behaviors on the Seebeck coefficient and electrical resistivity between these two doped systems may be ascribed to the difference of the conducting properties between the precipitated Ag metal and Y203 oxide; Ag metal is a good electric conductor, while Y2O3 oxide is an insulator. It is noticeable that the electrical resistivity for the Ag-added samples is less enhanced in spite of their small crystal grain size.
The thermal conductivity for the Ag-or Y-added samples is shown in Figs. 4 (a) and (b) as a function of temperature and doped content, respectively. The thermal conductivity was calculated from the measured thermal diffusivity D, specific heat Cp, and density d using the relationship K = DCpd. The thermal conductivity monotonously decreases with temperature. There is almost no change in the thermal conductivity with the content of Ag for the Ag-added samples. At higher content of Ag the thermal conductivity is rather enhanced. On the other hand, the thermal conductivity for the Y-added samples decreases with an ZT for non-added, Ag-added and Y-added Zn0.9975Al0.0025O prepared by the polymerized complex method. As for the Ag-or Y-added samples, only the maximum value obtained in each system is shown. Almost no advantage in the figure of merit was recognized on these Ag-or Y-added samples. It is difficult to reduce the electrical resistivity and thermal conductivity maintaining the moderate Seebeck coefficient by the addition of some element into ZnO. It is necessary to more examine the appropriate addition element.
